The "alkaline haematin D-575" method for determining haemoglobin, described by Zander et al. ((1984) Clin. Chim. Acta 136, 83 -93) was tested. Claims that different non-ionic detergents in the reagent result in identical values for the haemoglobin concentration being measured could not be verified. It could also not be verified that a stable end-product with unique spectral characteristics is always reached within approximately 2 min and that conversion of fetal haemoglobin is faster than that with the haemiglobin cyanide method. Because of the many questions regarding the nature and characteristics of the alkaline haematin/detergent complex or complexes, it is not yet possible to recommend this method for routine haemoglobinometry.
Introduction
-. -. . . __ r ., r this determination. The accuracy of the reference The International Committee for Standardization in method must be established by comparison with a Haematology (ICSH) recognizes three classes of definitive method where one exists, and the degree of methods (l, 2): definitive, reference, and selected.
inaccuracy must be stated. Method is one that has been established by a defined mvestigation is found to have no known source of .
. , ., .. ,. -A ' · j j . j r-j international authonty. inaccuracy or ambiguity s judged by a defined authority. It will, however, have a (known) degree of Selected Method: a procedure the reliability of which imprecision which should be stated.
has been validated by a collaborative study and which _ -»^ , . 11 ^ , ^ ·, ^ is recommended by a defined authonty for routine Reference Method: a clearly and exactly described
. 
The Reference Method
The ICSH-recommended HiCN method was developed in the nineteen sixties after the redetermination of the (milli)molar absorptivity of HiCN at 540 nm, , based pn exhaustive haemoglobin-iron analyses (8, 9) . The value measured has since been verified by various other methods, including N and C analyses, and X-ray emission spectrography (10) . Statistical analysis of the published data allows us to state with confidence that eS&N = 10.99 ± 0.011 -mmor 1 -cm"" 1 (corresponding to 1099 + l m 2 · mol" 1 ) (x + Standard error of the mean), n = 521 (l 1). As the HiCN method has become increasingly used throughout the world, certain limitations have been described and accepted by the clinical laboratory Community, e. g., loss of CN~~ from the reagent on storage, reagent instability on freezing, nonconversion of sulphaemoglobin to HiCN, increased reaction time required to convert carboxyhaemoglobin, HbCO, to HiCN (12-16). Review and revision of ICSH recommendations have taken these fmdings into account and include appropriate warnings in the description of the reference method. It is evident that the HiCN method meets the ICSH defmition of a reference method: "a clearly and exactly described technique" with a stated degree of inaccuracy and imprecision.
An Alternative Proposal
In 1984, Zander, Lang & Wolf described a method to measure haemoglobin photometrically after conversion to an alkaline haematin/detergent complex, which they called alkaline haematin D-575, abbreviated "AHD" (17) . The authors describe their method äs being "extremely stable," "rapid and accurate," "superior to the reference method" with the possibility of "direct standardization by a solid Standard, stable in crystalline and dissolved form" that "can be handled easily for weighing" (18) . The authors conclude that their method "meets the recommendations of the World Health Organization better than the conventional cyanhaemiglobin method" and question "which of the methods should be preferred in the future." Members of the ICSH Expert Panel on Haemoglobinometry, individually and cöllectively, have reviewed the method and have concluded that, although it has some merit, it canüot be considered a viable candidate for reference method Status.
The reagent: Zander et al. report that "practically the same results are obtained when Triton X-100 concentration is varied between 10 and 50 g/l or when NaOH concentration is varied between 0.01 and 1.0 mol/U or when Triton X-100 is replaced by other non-ionic detergents ..." This was tested by preparing three 0.1 mol/1 NaOH Solutions per litre containing 25 g Triton X-100, 25 g Siponic 218 (PEG-10 isolauryi thioether), and 25 g Sterox SE (alkylphenol(thiol) polyethylene oxide), respectively. With these three reagents, the haemoglobin concentration of 11 normal blood specimens was determined and compared with that measured äs HiCN (100 sample plus 25 ml HiCN reagent). The Triton X-100-containing reagent gave a mean difference of + 1.54 g/l (ränge -2.7 to + 4.7 g/l; Standard deviation of the difference, SD d , 1.97 g/l), the Siponic 218-containing reagent a mean difference of -0.6 g/l (ränge -4.1 to +2.2 g/l; SD d , 1.66 g/l), and the Sterox SE-containing reagent a mean difference of -0.04 g/l (ränge -3.5 to -h 2.1 g/l; SD d , 1-52 g/l). All measuremeiits were perfqnned on a properly calibrated Varian Cary 219 spectrophotometer with appropriate blanks.
The endproduct, alkaline haematin/detergent complex: Zander et al. report that "alkaline haematin D-575" is characterized by a unique absorbance spectrum that is not influenced by the type of starthig material (e. g., haematin, fresh human blood). Careful inspection of the authors' figure 2 (17) , however, clearly shows differences, especially around 535 nm (absorbance minimum), between the end product obtained from freshly prepared haemin (chlorohaemin, a term used extensively in the German literature [19] ), a year-old solution, and freshly drawn blood. We observed spectral changes of a blood/NaOH-Sterox SE mixture over a period of 48 h, especially around the absorbance minimum (535 nm) and the shoüldef airoünd 600 nm ( fig. 1 ), although the absorbance at 575 nm, A 575 nm, changed little during that period. ± 4.6m 2 · mol" 1 ) (n = 24) when 12 haematin preparations were measured on two different days. When this value for 575 mn was used to calculate the haemoglobin coneentration of blood samples, a systematic bias of 2.6% was found compared with results obtained with the HiCN method. The authors speculate that the cause of the bias could be that the 1100 m 2 · mol" 1 ) is erroneous. However, it should be taken into consideration that:
(1) the value of ε?πα Ν has been determined over a period of nearly two decades by more than 10 independent investigators using equine and human whole blood, washed red cells, and purified haemoglobin Solutions, with various iron analyses, including X-ray emission spectrography, with N and C analyses, and with a titrimetric method (20) , encompassing a total of 521 determinations (10, 11); (2) the authors' value of 575 nm is based on 12 samples of one type of material (recrystallized haemin) for which they provide no data on purity s determined by independent chemical assays; and (17) that "all haemoglobin species with clinical significance converted into one single end product" and recently published a paper on plasma, cell ghost, leukocyte, and haemoglobin errors (22) in which they claim that the HiCN method overestimates the haemoglobin concentration of fetal haemoglobin (HbF)-contairiing blood by 0.4% to 0.7% when measuring 3 to 5 min after mixing blood and reagent. With the alkaline haematin/detergent method, the overestimation was reported to be no greater than 0.1%. We studied the conversion time of HbF with three cord-blood specimens from premature infants, birth weight about 1200, 1200, and 800g. The HbF fraction, measured with an alkali denaturation method (23), was 0.65, 0.77, and 0.79. The samples were diluted with NaOH-Triton X-100 (highly purified, Boehringer, cat. No. 789704) reagent and measured at 575 nm (bandpass 2 nm) every 5 s for 10 min with an HP 8451A diode array spectrophotometer calibrated äs to wavelength and absorbance, with absence of stray light verified. The percent decrease in A 575 nm from t = 5 after initial mixing is summarized in table 2. Neither HbF nor normal HbA reached a stable value of A 575 nm during the 10 min that the reaction was followed. This may have been caused by insufficient "maturing" (18) of the reagent, which had been prepared only 24h before use. After dilution with HiCN reagent, a stable A 540 nm reading was obtained after 3.5 and 4min for sample HbF 3 and HbF l and 2, respectively.
Before any analytical System is implemented in a clinical laboratory, it must be validated by that laboratory, i.e., the laboratory must determine to its satisfaction that the System provides results äs good or better than those given by the method already in routine use. Before any analyticaj System can acquire the Status of selected or reference method, it must have been validated by one or more cooperative studies and be recommended by a defined authority. At least one attempt at validation of the "AHD" method
has not yet been successful and has raised a number of questions, including: and the great effort and long time necessary to achieve worldwide standardization of any clinical laboratory procedure on the other, extreme care should be taken and very clear advantages should be within reach before the current reference System for haemoglobinometry can be challenged.
Reported advantages of the "AHD" method are the smaller influence of turbidity by plasma cornponents and erythrocyte ghosts, obviously the result of the more alkaline reagent solution, and the shorter conversion time, especially with carboxyhaemoglobin. Except with such a degree of hyperlipaemia detectable by even an average laboratory technician, the improvements obtained are only marginal. The authors (22) have measured a "normal plasma error," expressed äs absorbance, of 0.005 for the HiCN method, compared with 0.003 for the "AHD" method but fail to provide data on the probable traces of plasma haemoglobin in the 14 samples studied. The improvement gained with respect to an erythrocyte ghost error is less than marginal: 0.0015 with the HiCN method compared with 0.0010 with the "AHD" method; number of samples studied is not given. Finally, a carboxyhaemoglobin error in the HiCN method will only become clinically significant when the fraction ofcarboxyhaemoglobin is high enough to cause clear clinical signs of carbon monoxide poisoning (l 2).
